Stem and trunk flow gauges that employ steady heating have been proposed and tested successfully (Baker and Van Bavel, 1987; Sakuratani, 1981; Steinberg et al., 1989) . Sakuratani (1981) stated the assumptions on which this heat balance method is based: the heat imparted to the test section is dissipated by a radial and a vertical conductive component and by a convective heat flux caused by the flow of the heated sap. From the known heating power, and by measuring and subtracting the two conductive fluxes, the third component is found and, from it, the rate of sap flow in units of mass per unit of time.
If either of the two conductive fluxes could be neglected, the method would obviously be simpler and more economical. However, Steinberg et al. (1989) showed experimentally that for a 45-mm-diameter tree, the radial heat flux was always large and that neglecting the smaller vertical component caused a significant error and an underestimate of the sap flow rate. Valancogne and Nasr (1989) , working with trees 12 and 22 mm in diameter, proposed to neglect the raReceived for publication 4 Aug. 1989. I am indebted to J.M. Baker and S.L. Steinberg for supplyingoriginal data and reviewing the manuscript. The cost of publishing this paper was defrayed in part by the payment of page charges. Under postal regulations, this paper therefore must be hereby marked advertisement solely to indicate this fact. l Professor Emeritus. dial flow. They assumed that, with adequate insulation of the trunk, this component would be zero, but did not give direct proof. Although, in their report, neither the actual dimensions of the insulation nor its thermal conductance were given, it appears yhat its thickness was ≈15 mm. This paper examines the proposal by Valancogne and Nasr that the radial flow of heat can be neglected. The conditions were similar and the separate components of the energy balance were measured.
Representative data (Table 1) give the tree species, the trunk diameter, the heating power, and, as a fraction of the latter, the three components of the heat balance. In addition, the results of a theoretical analysis of the problem by numerical simulation (Baker and Nieber, 1989) are included. The experimental and the simulated data show clearly that at both low and zero flow rates and during the higher daytime flow rates, the radial flow component is large and not negligible. Neither is the vertical component, although it is significantly smaller. Both findings confirm earlier results by Steinberg et al. (1989) , but for higher sap flow rates. Similar data were shown by Ham and Heilman (1989) for a herbaceous species (Helianthus annuus). The conductive fluxes also can be negative (Table 1, C. illinoensis), as in a rapidly heating external environment. We conclude that the heat balance stem or trunk flow gauge cannot be dependably implemented when ignoring either the radial or the vertical heat cone tion.
Why did Valancogne and Nasr (1989) obtain a fair agreement with direct measurement of the transpiration rate? They contended that they measured the vertical heat transfer coefficients. In reality, these numbers, not given in their report, must represent a variable mixture of both vertical and radial heat flow. By using these empirical coefficients in experiments under conditions similar to those prevailing during the calibration, one would expect agreement, but not beyond those bounds. Hence, we believe that the variant of the method suggested by Valarreogne and Nasr does not have general validity. They themselves expressed similar doubts in the concluding statements of their report and add that, in trunks of large diameter, the changes in heat content of the test section may have to be measured as well. Such a necessity would obviously make the method more complex rather than simpler, but not impractical. Table 1 . Fractional distribution of the heat applied in trunk flow gauges over its three components: vertical conduction, radial conduction, and convection by the flowing sap. Results are given for low or zero sap flow and for maximum sap flow in each HORTSCIENCE, VOL. 26(l), JANUARY 1991
